In light of the special roles of the price of gold on the technological and economic development as well as social aspects of human society, it is of great importance and necessity to develop a series of statistical models that, based on sound reflection of the current structure of the gold market, are able to provide valuable references for trends of the gold price. In fact, the gold price is influenced by a variety of economic factors. For forecasting purposes, it is useful to study the shortand long-run effect of direct and indirect economic factors towards the supply and demand of gold and thus the spot price of gold. To this point, this paper focuses on analyzing the individual and mutual impact of influencing factors on the gold price and, simultaneously, providing a short-term forecast of the price of gold based on the relationships with other major macroeconomic variables. While these relationships are modeled with multiple regression, forecasts of individual factors are obtained under multivariate time series models. The forecasting results are found to be accurate in a relative sense, confirming the significant impact of the factors chosen while indicating the validity of the modeling idea applied.
Introduction
Gold is a particular kind of commodity combining commodity functions with monetary functions, and is among the metals that were first discovered and used by human beings. Since ancient times, gold has been collected as a symbol of wealth and identity. Meanwhile, it has played a role of currencies mainly due to its stable physical characteristics and unique intrinsic value. Over the recent years, as factors including inflation were leading to the declining of currency values during economic turmoil, gold has come into play as a wall against risks and a storage of value. People prefer to hold gold in place of currencies, and the increase of demand for gold is also driving up gold prices. During the decade following 2001, with a sharp rise, the spot price of gold has more than quadrupled. The gold price is playing an increasingly important economic role in society.
Since it took place in 2007, the U.S. subprime crisis gradually evolved into a global financial crisis. Then, the value of the U.S. dollar (USD, $) plummeted and investment products priced with dollar depreciated rapidly. On the other hand, investing in stocks and futures was highly risky, so people tended to hold commodities with lower volatility, such as gold. According to the data analysis conducted by the World Gold Council, the spot price of gold has been continuously increasing from the beginning of 2000. In particular, gold prices rose from $650/oz in Jun 2007 to $970/oz in Feb 2008, with a nearly 50% increase, which drew the attention of many investors. In 2012, the U.S., Japan and other developed countries adopted expansionary monetary policies, resulting in a new height in the gold price at $1,776/oz in September of the year.
Over the recent years, gold has made it a focus of governments and investors. The U.S. 4 th round of Quantitative Easing (QE4) has infused huge amounts of USD into various markets, leading to a decline in dollar value. Also, during the economic recession of the Eurozone, European countries' economic growth has fallen below expectation. Moreover, with the turbulent political scene in the Middle East, the rise in oil price has indirectly placed new inflationary pressure on the international level.
Based on the important role of gold in current society, quite a few studies have so far been conducted to analyze the impact on the spot price of gold from various macroeconomic factors. Smith (2001) analyzed the monthly data ranging from 1991 to 2001 and implied that stock indices have a significant relationship with gold prices, which was proven to be negative; further analyses indicated that other similar financial products also place a negative impact on the gold price and that gold can be an indispensable asset in investment portfolios. On the other hand, Pulvermacher (2004) , by studying gold and stocks in American and English markets, found that during the three decades from 1973 to 2003, despite a clear negative relationship between the gold price and stock indices, their returns fail to reveal a significant correlation. In Gokmenoglu and Fazlollahi (2015) , by volatility analysis, it is also confirmed that significant mutual impact exists between the gold price and stock indices. Besides, Ranson (2005) and Ranson and Wainwright (2005) indicated that current gold price can effectively reflect the expectation of upcoming inflation, because increases in gold price usually occur prior to inflation; based on this view, gold can be added to investment portfolios as a tool against expected inflation and that diversifies risks. Later, Levine and Wright (2006) studied the determinants of short-and long-term gold price, and concluded that gold can be an effective risk-avoiding tool against inflation in that gold price is positively related to the U.S. price level, and even if deviations occur in between, the relationship reappears with the passage of time, but a clear relationship was not found between gold price, inflation and income level. Furthermore, through analyses on the gold price and exchange rates data from 1982 to 1990 using methods of error forecasting, Sjaastad and Scacciavillani (1996) concluded that since the Bretton Woods System collapsed in 1971, real exchange rates among currencies have been the main cause of fluctuating gold price, whereas the impact of USD exchange rates volatility is but trivial, while it is the fluctuations in European currency exchange rates that significantly influence the trend of gold price; Sjaastad (2008) later restudied the relationship between gold price and exchange rates with updated data ranging from 1991 to 2004, only to obtain the exactly opposite results, as USD exchange rates were found to be the primary influencing factor while the Eurozone rates' impact ceased to be significant. Meanwhile, Adrangi et al (2003) proved that the gold price is positively related to inflation rates. He showed that within multiple economic cycles, the reaction of gold price to inflation is similar to other bulk commodities -they tend to rise when inflation occurs, despite that the initial increment in gold price is usually fairly limited; as inflation increases, however, gold price starts to go up at a speed far higher than other commodities.
In connection with this, this paper seeks to analyze the supply-demand factors influencing the gold price and, more importantly, find the implicit relationships between gold price and other significant price and index factors. Progressive expatiation will be provided via qualitative analysis, and quantitative analysis will be conducted to see whether these indirect factors are reliable predictors of the gold price. With respect to time, the quantitative analysis is based on 3-year daily data, which are thought to well reflect current situations and thus give greater guiding significance in practice.
The rest of the paper is organized as follows. In Section 2, qualitative analysis is conducted to discuss current gold supply and demand, as well as select and study several indirect factors influencing the spot price of gold, including oil price, stock index, USD index, risk-free interest rate, and contemporary inflation rate. In section 3, quantitative analysis is provided as we test the relationships between gold price and each of the factors selected, in order to obtain a price trend forecast in the short run. In detail, a multiple linear regression model is first established to represent the potential relationships; then, for each influencing factor, a time-series sub-model is created to forecast its short-term trend; finally, the factors' forecasts are brought into the regression equation to obtain the contemporary forecasts of the gold price. In the end, Section 4 draws some crucial conclusions via discussion and comes up with several recommendations for future research.
Qualitative Analysis
Gold ore is the primary source of gold supply at present. Nearly 80% of the global gold production comes from the U.S., Australia, and China, yet over-exploitation of gold has impeded the recent years' general gold supply, since gold resources are non-renewable. In this connection, it has been a popular work to discuss the factors that largely influence gold supply, which can be divided into the following four categories.
Factors Influencing Gold Supply

• Gold Mine Production
The world's natural gold reserves, though unable to be renewed, are far from scarce. Thus, gold mining has been the uppermost means of gold production. Evidence to date indicates that up till the beginning of 2012, more than 140 kilotons of natural gold had been mined by humans, while nearly 6 billion tons of gold was still estimated to be scattered on the earth's surface. The global top 5 gold producers in 2014 were China with 465.7 tons, Russia with 272 tons, Australia with 269.7 tons, the U.S. with 200.4 tons, and Peru with 169.3 tons, in proper order. It is worth mentioning that China has made itself the leading gold producer in the world since 2007, and its gold production reached a remarkable number of 460 tons in 2014 after continuous increases, when Russia also outperformed Australia and took the second place upon a year-on-year increase of 9%.
However, resulting from the restrictions of its industry features and the relatively long investment horizon, the growth rate of gold reserves has been decelerating in general. This is because the process of gold exploration is considerably time-consuming, typically taking an average time period of 8 years to complete. An inevitable result is a "deferred" direct relationship between the gold price and gold production, i.e., gold price can be insensitive to mining. Hence, gold mining is not considered as a main cause of changes in the gold price, which do not take a long time, but there should logically be a weak positive relationship in between.
Seen from Figure 2 .1, the world gold mine production (in metric tons, similarly hereinafter) has been climbing to new heights from 2009 to 2014. An explanation according to market research is that gold miners had been signing huge amounts of contracts during 2009 and 2010 to create liabilities for future production.
• Recycled Gold Gold recycling, which contributes to around one fifth of aggregate gold supply, is another important source of production. The World Gold Council, as in the report jointly produced with Hewitt et al (2015) , defines recycled gold as gold sold for cash by consumers or other supply-chain players, such as jewelry manufacturers that sell old stock.
Generally speaking, there exists a positive relationship between the gold price and the supply of recycled gold. Compared to other types of gold supply, recycled gold usually has supply that is relatively more sensitive to fluctuations in gold prices. Suppliers are considerably prone to increasing recycled gold supply when the gold price is rising, while decreasing it when the price is falling, making it very elastic. In fact, changes in the price of gold are in turn considered the biggest factor influencing recycled gold supply. Besides, changes in economic situations can also largely affect gold recycling. During good times, people are more willing to make high-risk investments through financial instruments like stocks and funds, when the amount of recycled gold correspondingly shrank. On the other hand, in an economic recession, gold appears to be more attractive along with higher liquidity to raise cash, which more or less increases recycled gold supply as well, thus lifting gold price. The underlying reason is that people with an expectation that gold price will fall are understandably callous about reselling their old jewelry or other gold-containing products, so that during 2013 and 2014, when gold price actually fell, it should not be surprising to witness a 2-year decrease of 31% in recycled gold.
• Central Bank Gold Sales Another main source of gold supply is the net gold sold by central banks. Just on May 19, 2014, the central banks of the eighteen member countries of the Eurozone, the European Central Bank, and Switzerland and Sweden's central banks announced to sign the fourth round of the Central Bank Gold Agreement. This agreement's debut was in 1999, when central banks' underselling gold was believed to be responsible for the crash of gold price to $240/oz. Hence eleven European countries signed an agreement stating that within the upcoming five years, with signatory countries able to undersell gold up to 400 tons per year. In March 2004, the second round was signed, with the adjustment that gold sales should not exceed 500 tons per year. On Sept 27, 2009, the third round was subsequently signed, which reset the upper limit to 400 tons. In this newest round of the agreement, this limit remained at the annual level of 400 tons.
In Figure 2 .1, European annual total gold sales are given in comparison with the gold price. Since the year of 2009, central bank sales have kept decreasing year by year, as they feel it is necessary to increase gold reserves on the purpose of hedging risks under unstable economic situations. This also implies a negative relationship between the gold price and central bank gold sales.
• Producer Net Hedging
Producer net hedging refers to the change in the physical market impact of mining companies' gold forward sales, loans, and option positions, according to the official definition posted by the World Gold Council. This can be created when the producers, upon anticipating a decline in the gold price, submit gold production plans to banks and lease gold, sell the gold at high prices in the markets, and finally pay off the lease while benefiting from the price spread. Comprehensibly, negative market expectations of gold price usually prompt the emergence of these transactions, and as a result of an excessive supply relative to demand, gold price can continue to fall. On the contrary, when the gold price abnormally rises up somehow, producers are automatically worse off.
Throughout the past six years, producer net sales remained at a relatively low level, despite a net purchase of 108.4 tons in 2010, as is shown in Figure 2 .1, where it is difficult to observe a clear trend during this period. However, in the long run, producer hedging should have a direct impact on the gold price. Imagine a situation when the world economy is unstable, and USD borrowing rates and USD index are correspondingly decreasing, but gold borrowing rates are not. Producers' hedging profit will be curtailed relative to other investment choices, and so, there will be less net hedging. thus leading to exorbitant inflation. At this time, gold being an inflation-protected tool, its demand and price are prone to corresponding increases.
• Stock Index When turmoil occurs in global financial markets, the security and hedging functions of gold will come into play as prices of risky assets like stocks, funds, and bonds fall, and thus, people tend to switch to investing in gold, lifting gold price. Inversely, in stable global financial markets, investors' confidence in the future economic situation can lead to capital inflows to securities markets, and the gold price will decline as a result of decreasing gold demand. In this connection, the trend of the gold price is inversely related to that of stock price.
Among the various risky assets, stocks are in one sense the most common representative. In view of the diversity of market stock types, it is more convenient to consider stock indices, which are obtained based on selecting a group of cross-sectional stocks and calculating weighted-average prices. Further, the Standard & Poor's 500 (S&P500), which is an American stock market index based on the market capitalization of 500 large companies that have common stocks listed on the New York Stock Exchange (NYSE) and National Association of Securities Dealers Automated Quotations (NASDAQ) Stock Market Index, takes more diversified risks into account and can better reflect broad market turns relative to the Dow Jones, and will thus be chosen as a study object afterwards.
• USD Index USD index is an aggregate indicator used to measure changes in USD exchange rates. It is calculated from the weighted average of 6 USD exchange rates (to the Euro (EUR), Sterling (GBP), Canadian dollar (CAD), Swiss Franc (CHF), Swedish Krona (SEK), and Japanese yen (JPY)). Rises in the USD index signify appreciation of USD and decreases in international dollar-wise commodity prices. On the contrary, the declining USD index can mean the depreciation of USD.
USD index influences the global gold price mainly from two aspects. On the one hand, since international gold is priced in USD, when the USD index goes up or down, gold price should correspondingly go down or up. On the other hand, people's investing preferences tend to change with respect to changing USD index. Based on the negative relationship between USD index and gold price trends, if USD index is expected to increase, investors will find dollar commodities more alluring, which will cause the gold price to fall; if USD index is expected to fall, investors will switch to gold market investment, lifting gold price further.
• Federal Funds Rate
Interest rate is an important financial variable, and Federal Funds Rate (FFR) is oftentimes chosen to represent the U.S. interest rate level. Changes in interest rate can influence the gold price indirectly. When the interest rate is high, its superior attractions over gold tend to lift the opportunity cost of investing in gold, and hence, increases in interest rates can result in declining gold price. On the contrary, at low levels, the interest rate is less attractive than gold, which make investors more willing to invest in gold, therefore increasing gold price.
• Inflation Rate
In economic theory, inflation is defined as a sustained increase in the general price level of goods and services in an economy during a specific period of time. Gold is thought to be one of the most effective inflation-protected tools. When inflation occurs, like other commodities, gold price tends to go up, but empirical evidence has shown a special high sensitivity of gold price to the inflation rate, which even exceeds the growth rate of inflation itself. This beyond doubt highlights the hedging function of gold, and further implies that gold price changes in the same direction with the inflation rate. The leading position of the U.S. economy in the world has led to the fact that the U.S. inflation rate can most largely affect international gold price. Besides, in pace with the their economic development, emerging nations are seeing an increasingly large impact of inflation on the spot price of gold.
Quantitative Analysis
Following the previous qualitative analysis, in this section we choose gold price, oil price, S&P500 index (succinctly referred to as stock index), USD index, FFR and inflation rate
(1) as our modeling object, the first five obtained on a daily basis while the last on a monthly basis. For comparison purposes, we create two data sets, data set I ranging from Jan 3, 2012 to Dec 31, 2014, with 754 daily observations and 36 monthly observations, and data set II ranging from Jul 2, 2012 to Jun 30, 2015, with 753 observations and 36 monthly observations. Both data sets will be analyzed and modeled simultaneously.
Testing Factors Influencing Gold Price
In the first place, we need to determine the relationship between each variable, considering the gold price as the sole dependent variable and the others as independent or explanatory variables. To begin with, we let G t , O t , S t , U t , F t , and I t Applied Econom denote the ser time point t = specific month On the purpos and U t for reg are originally 
After proper variable selection, the following table presents the final MLR results for both data sets. These results show that all coefficients are significant at the 5% level (as enclosed in parentheses, p-values < 5%), which means that there exist strong relationships between log gold price and the independent variables. Also, the (adjusted) R 2 values are quite close to 1, indicating a high level of fitting degree.
The model specifications also give the relationship directions between the dependent variable and independent variables. Notice that the natural logarithm function is positive and monotonically increasing on the positive half real line. Thus, consistent with our explanations on the factors' impact before, stock index and USD index are inversely related to the gold price. Besides, both FFR and inflation rate positively influence gold price.
Time Series Modeling for Independent Variables
In this section, we will create time series models for each of the independent variables in order to respectively forecast their future values in both data sets. This modeling process, as was specified in Tsay (2005) , will yield a total of five sub-models, which, in proper order, apply to oil price, stock index, USD index, FFR, and inflation rate.
Based on unit root tests, the series of O t , S t , U t , and F t are all non-stationary, and so logarithm difference is needed for the first three and simple difference is taken for F t ; as for the inflation rate series I t , in data set I it is stationary but in data set II it is not, and hence simple difference is taken for data set II only. The transformed series, namely oil price log-returns, stock index log-returns, USD index log-returns, FFR increments, and inflation rate increments, are specified for t = 1,2,... as follows,
where note that, as a forecasting approach, t is measured in months for inflation rate while days for the others. By convention, we will use autoregressive moving average with positive integer-valued lags p and q, i.e., ARMA(p,q) processes, to do the modeling. Suppose that
represents any of the transformed series, and then where ω is the intercept coefficient, {ϕ i } i = 1,2,...,p is the sequence of autoregressive coefficients, and {θ i } i = 1,2,...,q is the sequence of moving average coefficients for the corresponding residual series ε t .
In the context of daily data, the lags p and q are expected to be no larger than 21, assuming there are 21 trading days within a month and, for a 3-year time horizon, the data periodicity occurs at most in a monthly cycle. On the other hand, for monthly data, p and q are restricted not to exceed 12, or the number of months per year. In practice, the lags p and q are chosen according to correlograms, which are totally different for different series and data. Tables 3.2.1 through 3.2.5 present, correspondingly, the optimal model for each of the transformed time series. To be clear, our evaluation is primarily based on the Akaike Information Criterion (AIC) and Schwarts Criterion (SC), which are considered as important indicators of the relative quality of the ARMA model with the least value preferred. Apart from this, R 2 values are also included to show fitting degrees.
(3.2.6) , places a negative impact. Furthermore, from the perspective of macroeconomic indicators, international oil price, stock index, USD index, interest rate, and inflation rate can largely affect gold price fluctuations.
In the quantitative analysis focused on these five macroeconomic variables, results of the multiple linear regression clearly reflect their implicit relations with the gold price. Generally speaking, the signs of the coefficient estimates have fit into our qualitative analysis, as a coefficient that is larger than 0 indicates a positive relationship while one that is below 0 implies a negative relationship. Increases in oil price and inflation rates tend to increase gold price, which decreases in line with decreasing stock index (S&P500) and USD index, however. Notably, there is a misfit when it comes to FFR, but, as aforementioned, the reason is that interest rate changes during the 3-year period are insufficient to reveal a significant impact on the gold price, which can also be ascribed to the relatively weak influence of interest rate. Even so, we have still included it in our regression model due to its positive contribution to the overall fitting degree.
The time series models for these five macroeconomic variables are selected comprehensively based on autocorrelation and partial autocorrelation lags together with AIC and SC values. When the independent variables' forecasts are brought into the MLR equation, the implied gold price values appear quite close to the actual price data, which guarantees the quality of our model set, and, in the meantime, indirectly confirms the relative significance of the influencing factors selected. In other words, the idea of combining a regression model that represents the impact with several time series sub-models that give forecasts can be applied to predicting short-term gold price, which usually presents inconspicuous or fickle relations with a historical gold price.
Concluded from this result, if countries can take action to control interest rate and inflation level, an indirect change in the price of gold can be realized. When the gold price is deemed to be excessively high or low, governments can also seek to correspondingly implement regulations on the stock and crude oil markets, which are expected to affect the gold price in turn. From the perspective of investors, with appropriate use of the five indirect factors as indicators of gold price trends under a real-time monitoring system, or a dynamic MLR-time-series modeling system, they will be able to gain more understanding of the structure of gold price, and thus spot extra opportunities of profit while protecting themselves against certain financial risks.
Nonetheless, the indirect macroeconomic factors chosen in this paper may be far from completeness, and many, such as political factors, are unlikely to be quantified or even numbered. On the other hand, due to existing limitations of data resources, the inflation rate has failed to be obtained on a daily basis, which inevitably affect the consistency of data types. To this point, it should be of great interest to consider additional factors that implicitly affect the spot price of gold and, if possible, refine the data frequency in order for the modeling to be more accurate.
Notes
(1) Gold price, FFR, and inflation rate data are collected from Ycharts, oil price data are collected from U.S. Energy Information Administration, S&P500 index data are collected from Yahoo Finance, and USD index data are collected from Hexun.
(2) In a convenient way, the notations "GL", "OL", "SL", "UL", "F", and "I" are used to refer to the series ln G t , ln O t , ln S t , ln U t , F t , and I t , respectively. (3) While Orlov (1996) discussed MLR modeling using Microsoft Excel, statistical results in this paper are mainly obtained through Eviews 7.2.
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